The magnitude of the energy @p in nuclear mattar associated viith a highly correlated ground state of th0 type believed to be important in the theory of superconductivity has been evaluated theoretically. The integral equation of Coopcr ll Hills, and Sessler is linearized and transformed into a form suitable for nwuerica1 solution.
INTRObuCTION UCRL-9075
1 It was pointed out by Bohr, Mottelson~and Pines that the spectra of even-even nuclei have an l'energy gap" and that the low-lying states of atomic nuclei mignt have a collective character which could be described in a manner similar to that proposed by Bardeen, Coope~and Schrieffer 2 in their theory of superconductivity.
If realistic nucleon-nucleon forces are to be used, it is difficult to make a quantitative theoretical evaluation of this suggestion for finite nuclei. However, Cooper, Hills, <md Sessler] have shol-.'U how the BCS method could be applied to i~inite systems of strongly interacting 4 f~rmions and it has been shown that nuclear matter does in fact have a gap in its energy spectrum.
The object of the present paper is to determine the magnitude of the energy gap for nuclear matter with a vieVi to gaining some ins ight into the possible results of extending the theory to finite sy:.;tems.
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In the next section, the basic equations of the theory are In the numerical computations to be described here, the linear approximation' to Eqs. (1) and (2) 
Rearrangement of the Equations
The simplest way to obtain accurate numerical solutions of Eqs.
(1) and (2) is to transform. the equations by the method described in ES.
The only differences Cl.re (i) we take the limit fJ.-~pO and reta,in f::'o in the equations instead of~c" and (ii) there are S-state solutions , for nuclear matter and they give rise to the largest energy gap.
Using Dirac notation, we define where and The integrand on the right-hand side of Eq. (7) is sharply peaked at the :F'enni s.urface, so that it is sufficient to use the effective mass approxi..-nation
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(m' being the effective diaSS at tli<~Fermi Surface) and tho method of evaluating L(;@ ) described by ES to find )..Jc ;>.. f .11
The internucleon potential to be used h~s a hard core of radius c and an external attraction, for which we make the approximation of has now to be solved nWlle:rically and (_~\ '1\ k F ,> calculated The nUllleri.cal procedures us od were describ~~d in Appendix I of ES. Since the singular part of vCr) )6(r) has b8en removed explicitly the nU1llber of Gauss points in the quadrature could be reduced without essential loss of a.ccuracy.
Potentials
The best ava.ilable two-nucleon potential has been obtained phenomenologically by Gammel and Thaler-7 In S -states there is probably an energy gap for triplet as well as singlot states. However, the singlet gap is certainly larger and, in view of the c~nplications introduced by tensor forces, the triplet gap has not been calculated here. 
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and this approximation improveE as 8 decreases.
Equation (19) LOW Sh01.,rS why the tmere;y gap is such a rapidly varying function of density and ;Jffoctive mass and why it is so small at normal density. The IS phase shift}~J is aL~o8t zero at a momentum corresponding to normal density,and increases rapidly as the momentum decreases (i.e. as the density decreases). Since both cot* and m appear in the exponent in Eq. (19), a snall change in either -10 -quantity produces a large change in AE. Consequently it is difficult to draw any quantitative conclusions about the energy gap in finite nuclei from a study of nuclear matter, since at least one very important effect is the variation in density of finite nuclei associated with the nuclear surface.
However, the order of magnitude of the energy gap in finite nuclei might be est~uated by averaging the nuclear matter gap over densities from zero to normal density (y. k F (f -I) 
